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These results raise several interesting questions and
prompt new avenues of investigation. Distinct ILV pop-
ulations have been described in mammalian cells,
based on the presence of either LBPA or PtdIns(3)P. If
one class of vesicles is responsible for the degradation
of proteins (e.g., PtdIns(3)P-containing vesicles de-
grade EGFR), are the LBPA-positive vesicles responsi-
ble for other functions, such as the sorting of Pmel17,
or do Pmel17 positive ILVs represent a third class of
ILVs? Moreover, what is the machinery responsible for
driving Pmel17 sorting, and how does this system func-
tion in relation to the ESCRT components? And finally,
as the ESCRT-dependent system has been shown to
be utilized by HIV and other enveloped viruses, do yet
other viruses use this Pmel17/ESCRT-independent sys-
tem to facilitate budding? Despite advances in our un-
derstanding of multiple factors involved in MVB sorting,
we still understand relatively little about how cargoes
are targeted to one class of ILVs versus another, and
how it is that ILV formation occurs. Findings outlined
by Theos et al. (2006) will certainly help to drive addi-
tional research that will clarify the apparently diverse
MVB functions of receptor degradation and formation
of lysosome-related organelles.
David J. Katzmann
Department of Biochemistry and Molecular Biology
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280Bruno: A Double Turn-off for Oskar
In Drosophila, the posterior localization of oskar
mRNA and its translational regulation are essential
for axis specification andgermline formation. Recently
in Cell, Chekulaeva et al. (2006) demonstrated that
Bruno inhibits cap-dependent translation of oskar
mRNA and uncovered a novel Bruno-dependent as-
sembly of oskar mRNA into multimeric RNP particles,
which are inaccessible to the translational machinery.
This work provides a novel link between mRNA locali-
zation, particle formation, and translational regulation.
mRNA localization is used in many organisms to target
proteins to their site of function and is often coupled
to translational inhibition to prevent proteins being pro-
duced before the mRNA is localized (St. Johnston,
2005). In Drosophila, there are three key mRNAs, oskar
(osk), bicoid (bcd) and gurken (grk), which are localized
within the oocyte and together with the products of
many downstream localized mRNAs, define the primary
axes of the future embryo. osk mRNA is localized to the
posterior of the oocyte and embryo and is essential for
the formation of posterior structures and germ cells.
During its localization, osk mRNA is repressed by Bruno
(Arrest), which binds to sites in the 30 untranslated re-
gion of the mRNA (30UTR), known as Bruno response el-ements (BREs) (Kim-Ha et al., 1995). Once at the poste-
rior, osk RNA is translationally activated, and this
involves other sequences in the 50 end of its RNA.
Like all transcripts, the biosynthesis of osk mRNA is
a highly complex process involving many interrelated
steps that are tightly regulated. From its birth at the na-
scent transcription site in the nucleus to its death by deg-
radation at the site of anchoring, an osk transcript is
bound with a rich and dynamic collection of proteins
that orchestrate its synthesis, processing, export, local-
ization, and degradation. In fact, more trans-acting fac-
tors are known for osk RNA than for any other localized
transcript. These include a variety of exon junction com-
plex (EJC) components that are bound in the nucleus
during splicing, as well as various cytoplasmic and
nucleo-cytoplasmic shuttling proteins. There is also
good evidence that osk RNA is transported and an-
chored in large higher order RNP assemblies, or particles
(Hachet and Ephrussi, 2004). This is likely to be the case
for many localized mRNAs. For example, bcd mRNA is
able to dimerize (Ferrandon et al., 1997) and grk mRNA
is also thought to localize as large granules that require
Bruno for their translational repression. Related particles
are also important for mRNA localization in the nervous
system, where prepackaged translationally repressed
RNPs can be translated in response to local signals,
rather than waiting for new products from distant cell
bodies (St. Johnston, 2005). Such processes are proba-
bly important in axon guidance, memory, and learning.
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erful cell-free system for studying repression of osk
translation by Bruno (Castagnetti et al., 2000). Here
they apply this assay to substantially advance our
knowledge of the mechanism by which Bruno silences
translation of osk. They modified a previous reporter
mRNA encoding firefly luciferase and a minimal osk se-
quence including BREs, by replacing the luciferase with
a smaller FLAG-tag coding region. This provided im-
proved resolution of translational complexes, allowing
them to finely dissect the process of Bruno action in
wild-type and mutant extracts in the presence and ab-
sence of specific inhibitors through the use of sucrose
density gradient centrifugation. They first used the sys-
tem to validate that osk mRNA translation is repressed
at 43S recruitment by a trimeric Bruno-Cup-eIF4E com-
plex (Nakamura et al., 2004; Wilhelm et al., 2003). During
normal translation initiation, the mRNA 50 cap is recog-
nized by eIF4E, which interacts with eIF4G to recruit
the 43S preinitiation complex, consisting of the 40S
small ribosomal subunit, initiator tRNA, and a group of
initiation factors. Cap-recognition can be blocked by
a family of eIF4E binding proteins, such as Drosophila
Cup. Chekulaeva et al. (2006) showed directly that osk
translation is inhibited by Bruno-mediated association
of Cup with eIF4E. They then discovered that Bruno
was also involved in an additional, and novel, mecha-
nism of translational repression, which is independent
of Cup and eIF4E. In this second mechanism, Bruno
interaction with the BREs helps to form osk mRNA olig-
omers, thus assembling 50-80S RNP ‘‘silencing parti-
cles,’’ which are proposed to make osk RNA inaccessi-
ble to the translational machinery. These results have
important implications for the interpretation of 80S ribo-
some/mRNA complexes in various studies by other
researchers, where such complexes were taken as evi-
dence for active translation. In addition, the ‘‘silencing
particles’’ identified by Chekulaeva et al. (2006) include
eIF4E, presumably in an inactive complex with Cup,
making association with eIF4E also unreliable as an in-
dicator of mRNA translation. It may now be necessary
to reevaluate some of the RNA localization and transla-
tion literature in this and other systems.
Another very interesting aspect of osk ‘‘silencing’’
particles is that they contain the DEAD-box RNA heli-
case Me31B (Dhh1 in yeast), which is implicated in
translational repression and targeting of mRNAs to
cytoplasmic ‘‘processing bodies’’ (P-bodies) in yeast
(Coller and Parker, 2005). The P-bodies are sites at
which translationally repressed mRNAs can be either
degraded or stored prior to subsequent return to the
polysome pool. This suggests that related translationrepression systems may be widespread in evolution.
Moreover, metazoan oocytes and embryos frequently
inherit mRNAs from the mother that are translationally
inactive or ‘‘masked’’ and Dhh1 is known to be present
in such masking complexes. The in vitro approaches
used by Ephrussi and colleagues may therefore help
dissect the mechanisms of mRNA masking and un-
masking during early development.
While the Bruno-dependent silenced osk oligomers
are likely to be related to P-bodies and transport parti-
cles, it is not clear which exact osk RNP particle they
correspond to in osk’s multistep dynamic RNP life his-
tory. For example, it is not known how they are related
to posterior-anchored osk particles that are translation-
ally de-repressed, nor whether the ‘‘silencing’’ particles
also contain kinesin I motor complexes, as expected. To
resolve such questions is not easy. It will be necessary
to uncover the precise translational repression and de-
repression mechanisms that operate in individual osk
mRNA transport particles in vivo. Such experiments
will require ultrastructural (cryo-EM) covisualization of
osk RNA with its various trans-acting factors and ribo-
somal components, as well as in vivo and in vitro molec-
ular interaction studies between Bruno and other pro-
teins present in the osk RNA particles.
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